Heterozygosity for an inactivating mutation in low-density lipoprotein-related receptor 6 (Lrp6) increases osteoarthritis severity in mice after ligament and meniscus injury.
Wnt/β-catenin signaling plays an integral and complex role in cartilage development and maintenance. β-catenin signaling has been linked to osteoarthritis (OA), but the role of Lrp6-mediated Wnt/β-catenin signaling during OA remains unexplored. Mutations in the Wnt/β-catenin co-receptors LRP5 and LRP6 (low-density lipoprotein-related receptors 5 and 6) result in skeletal abnormalities, which tend to be more severe in Lrp6 mutant mice. We examined OA development, chondrocyte and osteoblast behavior, and β-catenin signaling after ligament and meniscus damage in mice with global heterozygous deletion of Lrp6. Ligament and meniscus damage was surgically induced in Lrp6(+/-) and wild-type (WT) mice, and evidence of joint disease was assessed by Microcomputed tomography (micro-CT) and histology. Wnt/β-catenin signaling, proliferation, apoptosis, chondrogenesis, osteogenesis, and catabolic enzyme activity were measured. Relative to WT mice, Lrp6(+/-) mice had lower nuclear β-catenin signaling within articular cartilage. After surgery, osteophytes and reduced articular cartilage were apparent in WT mice, but more severe in Lrp6(+/-) animals. Impairments to trabecular bone geometry occurred for WT and Lrp6(+/-) mice after surgery. Relative to WT mice, Lrp6(+/-) mice had reduced trabecular BMD and thickness, and Cyclin D1 and Lrp6 gene expression after surgery. There was an increase in apoptotic cells and serum matrix metalloproteinase-9 (MMP9) for Lrp6(+/-) mice after surgery, but no differences in cell proliferation occurred. Heterozygous loss-of-function mutation in Lrp6 leads to less β-catenin signaling within articular cartilage and to increased degenerative joint disease after ligament and meniscus injury. Modulation of Lrp6 function could attenuate joint disease after damage to ligaments and the meniscus.